It is found that T4 phage DNA complexed with histone H1 assembled into a string-ofbead structure, when the complex is prepared by a gentle diluting procedure from a high salt solution (2 M NaCI) to a low salt solution (50 mM NaCI). We used fluorescence microscopy to perform the real-time observation on formation and motion of a string-of-bead structure. Spatial histone H1 distribution on the DNA-H1 complex is observed by immunofluorescence microscopy.
INTRODUCTION
In eukaryotic cells, long DNA chains over the size of mm are folded to form chromatin by interaction with core histones H2A, H2B, H3, H4 and a linker histone HI (or H5). Histone HI is implicated in the proper folding of chromatin fibers and a large number of experimental and theoretical studies have been carried out to understand the manner of binding. 1" ? It was reported that ionic strength effects on the interaction of HI to DNA or chromatin. But the mode of binding properties has not yet been fully understood. In this study, we show that a string-of-bead structure, or pearling structure, is generated through the saltdependent assembling process of long duplex DNA-H1 complex. The direct conformational change occurred on individual DNA molecules in solution is monitored using fluorescence microscopy.
EXPERIMENTAL
T4 phage DNA (166kbp, Nippon Gene; contour length of 57 urn in the usual buffer conditions) 8 was used in the present study. Complexes of Calf Thymus histone HI (Sigma Type Ill-ss; lysine-rich histone containing 24.7wt% lysine and 1.9wt% arginine) with T4 DNA were prepared by a gentle diluting procedure from 2 M NaCI solution without vortex mixing. The charge ratio of DNA/ H1 (-/ + ) was adjusted to 1.0 and the final DNA concentration was 0.75 \JLM in nucleotide units. To observe the conformational changes of individual DNA molecules in an aqueous solution, fluorescence microscopic measurements were carried out using an Axiovert 135 TV microscope (Carl Zeiss, Germany) equipped with a high-sensitivity Hamamatsu SIT TV camera, that allowed recording of images on video tapes. The video image was analyzed with an Argus 20 image processor (Hamamatsu Photonics, Hamamatsu, Japan).
A fluorescent dye, 4',6-diamidino-2-phenylindole (DAPI) was used for staining DNA molecules. For indirect immunofluorescence measurements, the sample was fixed on a glass base dish and processed for immunofluorescence with anti-histone for 2 hours at 4 °C. After three washes with the buffer solution, the sample was incubated with FITC-conjugated secondary antibody for 20 min at room temperature. Observation was performed at 20°C.
RESULTS AND DISCUSSION
We have investigated the conformational change of T4 DNA molecules depending on salt concentration in the presence of H1. Figure  la shows a fluorescent image of T4 DNA mixed with histone HI in 2 M NaCI solution. Individual DNA molecules are observed as elongated random coils.
As the NaCI concentration is decreased from 2 M to 50 mM, individual DNA molecules undergo transition to a compacted folded state in the presence of HI (Fig. 1b) . It is noted that a string-of-bead structure, where compacted parts and elongated parts coexist in a single chain, is generated for a DNA-H1 complex in 50 mM NaCI solution.
Time-course observations of DNA-H1 complexes moving freely in 50 mM NaCI solution shows that these complexes are not rigid but very flexible, indicating that the string part takes elongated coil conformation. More detailed structural information on the DNA-H1 complexes was processed for immunofluorescence and viewed in the fluorescence microscope. Figure 2a and 2b show a typical staining pattern with DAPI to DNA and counter-stained with a FITC-labeled secondary antibody to anti-histone, respectively. A comparison of DAPI images and the corresponding FITC images suggests that highly compacted parts of a DNA chain, as visualized by staining with DAPI, are also well stained with this antibody.
The present study indicates that histone H1 is capable of folding long duplex DNA into a string-of-bead structure in solution when the complex is prepared by the gentle diluting procedure. In eukaryote, conformational variation may be generated in chromatin fiber depending on local ionic environments.^ Therefore, the dynamic change of the complex of DNA with histone H1 depending on ionic environment is likely to relevant to the role of HI in chromatin structure. 
